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OBJECTIVE: This study aimed to investigate whether previous exercise training could prevent or attenuate acute
cardiac alterations after myocardial infarction.
METHODS: Female rats were submitted to swim training (1 h/day; 5 days/week) or allowed to remain sedentary for
8 weeks. Afterwards, they were randomly assigned to left coronary artery occlusion or sham surgery. After this
procedure, the rats remained sedentary for one week until euthanasia. Cardiac structural and functional analyses
were performed using Doppler echocardiography. The rats that had a moderate or large infarct size were included
in the evaluations. The data (mean¡ SEM) were analyzed using a two-way ANOVAmodel followed by Tukey’s post-
hoc test.
RESULTS: After the surgery, no significant difference between the exercise and sedentary groups was observed in
the left ventricular infarct sizes (34.58¡3.04 vs. 37.59¡3.07). In another group of rats evaluated with Evans blue 1 h
after myocardial infarction, no siginificant difference in the area at risk was observed between the exercised and
sedentary rats (49.73¡1.52 vs. 45.48¡3.49). The changes in the left ventricular fractional areas for the exercised and
sedentary myocardial infarction groups (36¡2% and 39¡3%, respectively) were smaller than those for the exercise
sham surgery (ES, 67¡1%) and sedentary sham surgery (SS, 69¡2%) groups. The E/A was higher in the sedentary
myocardial infarction (4.4¡0.3) and exercised myocardial infarction (5.5¡0.3) rats than in the SS (2.4¡0.1) and ES
(2.2¡0.1) rats.
CONCLUSION: Previous swim training of female rats does not attenuate systolic and diastolic function alterations
after myocardial infarction induced by left coronary artery occlusion, suggesting that cardioprotection cannot be
provided by exercise training in this experimental model.
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INTRODUCTION
In recent decades, medical and lifestyle therapies, includ-
ing weight management, physical activity, tobacco cessa-
tion, and diet modification, have contributed to the se-
condary prevention of cardiovascular diseases. Physical
exercise (Ex) plays a key role in preserving and promoting
health, and it has currently become an important topic in
cardiovascular disease control.1-4 Indeed, the incidence of
myocardial infarction (MI) is significantly lower in physi-
cally active subjects.5 Furthermore, the survival rate of heart
attack patients is higher for active individuals than for
sedentary ones.5
Previous studies have shown that endurance exercise
provides myocardial protection against both ischemia-
reperfusion (I-R) injury6-9 and MI in rats.10-12 Ex has been
shown to reduce cardiac injury and enhance myocardial
recovery from an I-R insult by improving the recovery of left
ventricular pressures,6,7 preserving coronary blood flow
and reducing oxidative stress in cardiomyocytes.9 Exercise
reduces or attenuates cardiac remodeling after an MI13,14
and incrementally improves functional cardiac parameters
both in situ14 and in vitro.15
Although the exact molecular and biochemical mechan-
isms responsible for this protection are not fully understood,
it has been postulated that these exercise-induced changes
in the myocardium may result from increases in myocardial
antioxidant defenses and/or cardiac levels of heat shock
protein (HSP).6-8 Experimental MI studies have shown
that Ex improves myocardial contractility parameters
and autonomic function, increases the gene expression of
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proteins related to calcium homeostasis, and reduces
inflammation in cardiac cells.3,6,16-18
Previous studies on the protective effects of physical
exercise in acute MIs were performed using male rats and a
coronary occlusion model,10-12 but it is still unclear whether
this approach is also valid for female rats. In this study, we
evaluated whether previous exercise training can also
prevent or attenuate structural and functional cardiac
alterations after myocardial infarction in female rats.
MATERIAL AND METHODS
Animals. Forty-two female Wistar rats (,270 g) were
used. The care and use of the animals followed the Prin-
ciples of Laboratory Animal Care by the National Institutes
of Health (National Institutes of Health Publication No.,
96-23, Revised 1996) and was approved by the Ethics
Committee of the Federal University of Sa˜o Paulo (protocol
number 0341/08).
The rats were distributed into four groups: sedentary
sham (SS, n = 13); exercised sham (ES, n = 10); sedentary
myocardial infarction (SMI, n = 11); and exercised myocar-
dial infarction (EMI, n = 8). The rats were distributed among
plastic cages (5 rats/cage) under a 12-12 h dark–light cycle
at 22–23 C˚ and 54–55% air humidity with free access to
water and rodent pellet chow (Nuvilab CR1, manufactured
by Nuvital, Curitiba, Brazil).
Experimental Protocol. The rats were first submitted to 8
weeks of exercise training or allowed to remain sedentary.
Twenty-four hours after the last swimming session, the rats
were anesthetized for myocardial infarction induction or
sham surgery. Doppler echocardiography was performed
under anesthesia at 7 days post-MI to measure the
myocardial infarction size MIS, end-diastolic and end-
systolic LV areas, fractional area change, peak E and A
velocities, and the E/A ratio.
Exercise training protocol. The exercise training was
performed in a swimming pool (132 cm in diameter and
80 cm deep) filled with tap water warmed to 32–34 C˚ by a
feedback-controlled electric heating coil. The water was
maintained in continuous turbulence to provide continuous
exercise. To allow adaptation, the swimming was limited to
10 min on the first day and increased by 10 min each day.
The rats were eventually subjected to 60 min/day of
swimming, 5 days/week for 8 weeks as described by
Bocalini et al. (2010).19 In each exercise session, 8 to 10 rats
were placed together in the swimming pool. During the
exercise period, the age-matched sedentary control group
was exposed to similar room noise and handling, but they
remained in their cages.
Induction of MI and evaluation of the area at risk. The
rats were first submitted to 8 wks of exercise training or
allowed to remain sedentary. Twenty-four hours after the
last swimming session, the rats were anesthetized for
myocardial infarction induction or sham surgery.
An experimental MI was induced as previously described
by Antonio et al. (2009)20 Briefly, the rats were anesthetized
with ketamine (100 mg/kg, i.p., Dopalen, VetBrand) and
xylazine (10 mg/kg, i.p., Anasedan, VetBrand), intubated
orotracheally and artificially ventilated (Hugo Basile Rodent
Ventilator 683; Harvard Apparatus, Millis, MA, USA). The
heart was exteriorized through a left thoracotomy, and the
left anterior descending coronary artery was occluded
with a 6–0 polypropylene suture. Following the coronary
occlusion, the heart was repositioned, the thorax was closed
and the orotracheal tube was removed. In the sham-
infarcted rats, the same surgical procedures were performed
without the coronary ligation.
In another group of animals, an MI was induced under
the same anesthesia used previously, and 1 mL of 10%
Evans blue dye was injected slowly through a polyethylene
tube (PE-50, Clay Adams) inserted into the aorta21 to label
the left ventricular tissue that was not subjected to regional
ischemia. The dye was passed through the heart for 10 s to
ensure uniform tissue distribution. Afterwards, the heart
was removed from the perfusion apparatus and a midline
transverse section of the heart was performed. Both of the
surfaces of each transverse section were photographed. The
areas at risk and not at risk were determined using the
IMAGE TOOL 3.0 software (UTHSCSA, San Antonio, TX,
USA). The total area at risk was expressed as a percentage of
the left ventricle.
Doppler echocardiogram. After ketamine- (100 mg/kg
i.p., Dopalen, VetBrands) and xylazine-induced (10 mg/kg,
i.p., Anasedan, VetBrands) anesthesia, the doppler
echocardiography was performed by a single examiner
using an HP Sonos 5500 transducer (Philips Medical System,
Andover, MA) with 2 cm depth at 12 mHz, as in a previous
report.20
Briefly, the 2-dimensional and M-mode images from the
parasternal longitudinal, transverse and apical views were
obtained and recorded on a 0.5-inch videotape, and the
imaging analysis and measurements were performed off-
line. The MIS was estimated on the basis of the subjective
identification of akinesis or dyskinesis. In each echocardio-
graphic transverse plane (basal, mid, and apical), the arc
corresponding to the segments with the MI and the total
perimeter of the endocardial border (PE) were measured 3
times during end-diastole. The myocardial infarction size
was calculated by MIS (%) = MI/PE X 100.
The final MIS of each rat was calculated as the mean of 3
estimates for the MIS. The end-diastolic and end-systolic LV
areas, fractional area change, peak E and A velocities, and
the E/A ratio were determined according to the American
Society of Echocardiography standards.
Statistical analysis. The data were expressed as means
¡ SEM. A two-way ANOVA model followed by Tukey’s
post-hoc test was used for comparisons among the groups.
The statistical analyses were performed using the Prism
software (version 4.0, San Diego, CA, USA). The significance
level was set at p , 0.05.
RESULTS
In the MI groups, 25 rats underwent coronary occlusion,
19 survived and 6 died (24%); 5 of these rats were in the
sedentary group and one was in the exercised group. The
MIS, end-diastolic and end-systolic LV areas, fractional area
change, peak E and A velocities, and E/A ratio were
measured in the 19 survivors.
Seven days after surgery, the Doppler echocardiography
did not show any significant differences in the MIS between
the SMI (39.20¡2.85) and EMI (34.59¡3.04) groups
(Figure 1b). To ensure that the prior exercise did not affect
the infarct size, another group of rats that underwent the
same protocol had their risk areas assessed using a simpler
method. The measurement of the risk area by planimetry
also showed no significant difference in the MIS between
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the SMI (45.48¡3.49) and EMI (49.73¡1.52) groups
(Figures 1a and 2).
At the end of the protocol, no significant difference was
observed in the body weight (SS, 262¡5; SMI, 266¡5; ES,
247¡4; EMI, 258¡10 g). No significant differences were
found in the heart rates (SS, 220¡5; SMI, 210¡8; ES, 207¡7;
EMI, 234¡10) or isovolumic relaxation times in seconds (SS,
0,028¡0,001; SMI, 0,038¡0,002; ES, 0,031¡0,001; EMI,
0,035¡0,001), which indicates that the deficit in relaxation
was similar among the groups. In the MI rats, the aortic
ejection times in seconds (SS, 0,076¡0,001; SMI, 0,068¡0,003;
ES, 0,077¡0,002; EMI, 0,069¡0,003) and cardiac masses (as
assessed by the LV diameters during diastole and systole)
were significantly increased (Table 1); however, no differ-
ences were observed between the sedentary and exercised
rats before the sham surgery.
Because the anterior wall thickness during systole is
considered a measure of remodeling and chamber dilation,
we also evaluated this variable during the relaxation phase.
Nevertheless, there was no statistically significant difference
between the EMI and SMI groups, which shows that prior
exercise did not produce beneficial structural alterations
(Table 1).
The systolic functional parameters were similar between
the EMI and SMI rats at one week after MI surgery,
indicating that prior exercise did not improve cardiac
output in these animals. This finding is likely explained
by the infarct sizes in the EMI group, which were roughly
equal to those of the sedentary group. Both the fractional
area change and the fractional ejection did not differ
significantly between the infarcted groups (Figures 3a and
3b).
The measures of diastolic function and atrial filling (E
wave, A wave and E/A ratio) were not significantly
different among groups (Figure 3c).
DISCUSSION
Our results demonstrated that exercise training per-
formed prior to coronary occlusion surgery did not confer
cardioprotection, as evaluated by Doppler echocardiogra-
phy. The echocardiographic measures have already been
validated by previous studies and were considered accep-
table for measuring heart parameters.22,23 A previous study
in our laboratory has demonstrated that in infarct size
measurements assessed by echocardiography a week after
coronary occlusion, the necrotic heart medial area is related
to the infarct size as measured by tetrazolium staining.24
The lack of cardioprotection in the exercised group was
most likely explained by the training having no significant
effect on the infarct size. As a result, the measurements
obtained after surgery were similar to those of the sedentary
group with myocardial infarction. Most studies have
focused on the effect of exercise training on cardiac
alterations in the chronic phase (4 wks weeks after MI)
and have shown beneficial remodeling results.14,15,25 Our
data was obtained in the acute phase of infarction and after
one week of detraining, and no physiological hypertrophy
was observed in the ES group.
Many ischemia and reperfusion studies using isolated
hearts have shown that exercise training prior to surgery
decreases infarct size.26,27 Brown et al. (2007) performed a
Figure 1 - The values are expressed as the mean ¡ SEM of the
sedentary-infarcted (SMI) and exercise-infarcted (EMI) groups.
Panel A: The area at risk, as measured by the Evans blue staining.
Panel B: The infarct size (% of the left ventricle), as measured by
echocardiography (Student’s T-test).
Figure 2 - Images of the midline transverse section of the heart
showing the left ventricular staining by the Evans blue dye at
one hour after the induction of infarction in the sedentary (SMI)
and exercise (EMI) groups. The risk areas are stained red, and
viable, perfused myocardium is stained blue.
Table 1 – The structural echocardiography parameters.
SS (n= 15) SMI (n= 13) ES (n = 11) EMI (n = 8)
Ao (cm) 0,33¡0,009a 0,33¡0,007a 0,33¡0,009a 0,34¡0,007a
LVSD (cm) 0,451¡0,017a 0,683¡0,025b 0,460¡0,017a 0,714¡0,019b
LVDD (cm) 0,731¡0,017a 0,844¡0,017b 0,751¡0,017a 0,881¡0,011b
TAWs (cm) 0,24¡0,011a 0,13¡0,008b 0,24¡0,008a 016¡0,006b
TAWd (cm) 012¡0,006a 010¡0,005a 012¡0,004a 010¡0,007a
TPWs (cm) 024¡0,011a 013¡0,008b 024¡0,008a 012¡0,006b
TPWd (cm) 0,12¡0,004a 0,13¡0,008a 014¡0,007a 0,13¡0,005a
The values expressed as mean¡ SEM. Ao = diameter of the aorta; LVSD
= left ventricular systolic diameter; LVDD = left ventricular diastolic
diameter; TAWs = left ventricular anterior wall thickness during systole;
TAWd = left ventricular anterior wall thickness during diastole; TPWs =
posterior wall thickness during systole; TPWd = posterior wall thickness
during diastole, as assessed by echocardiography in the sedentary sham
(SS), sedentary infarcted (SMI), exercised sham (ES) and exercised infarcted
(EMI) groups at one week after the MI.
The different letters represent statistically significant differences (P,0.05)
in a two-way ANOVA model followed by Tukey’s post-hoc test.
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review of these studies to demonstrate how exercise training
prior to surgical procedures affects transitory ischemia by
decreasing the infarct size. By contrast, our study did not
show that previous exercise training attenuates the infarct
size, possibly because permanent coronary artery occlusion
may produce greater damage to the heart tissue than
transitory ischemia. A few recent studies have demonstrated
that exercise training permanently decreases the infarct size
in rats in vivo.11,12
One difference between the Freimann et al. (2005) study
and the current study is the gender of the rats used. We
used female rats, whereas Freeman et al. used males. It is
known that there are differences relating to infarction and
development between the genders.29,30
The majority of the data examining exercise-acquired
tolerance to ischemic injury in rats comes from male
animals. The reason for this predominance is that the
pathological mechanisms in males, in contrast to those in
females, are not influenced by fluctuations in hormonal
activity.31 Exercise training before infarction surgery
improves mortality and infarct healing in mice of both
genders.32 Other physical training benefits include
improved cardiac function, attenuated calcium homeostasis
dysfunction and improved autonomic function.15,22,33
Nevertheless, it has not been shown that previous exercise
training in this experimental model improves infarct healing
in female rats. It is still unclear whether hormonal
differences between the genders affect cardiac function
after myocardial infarction in rats previously submitted to
exercise. Therefore, the molecular mechanisms that may
explain the differences between the findings of the present
study on female rats and those of other studies on male rats
require further investigation.
There are other studies that have shown no cardioprotec-
tion in exercised female rats, in contrast to the results for
male rats and for female rats lacking ovaries. Among the
many possible mechanisms for this divergence are the
estrogen inhibition of HSP70 protein expression, the
attenuation of end-diastolic pressure and protein normal-
ization related to calcium homeostasis.34,35
Some of the echocardiographic measurements of hyper-
trophy were not different between the exercised and
sedentary rats. Furthermore, the exercised sham surgery
group did not have any hypertrophy after the one-week
detraining period.36
Myocardial infarction has many consequences in its acute
phase (including cardiac hypertrophy, cavity dilation, cica-
trization and thickening in the infracted region, gene
expression alterations, inflammatory changes, oxidative
stress and cellular death) that result in cardiac remodeling,
which leads to a change in the shape and function of the
myocardium.18,37,38
Other contractile functional parameters, such as the
fractional area change and ejection fraction, are decreased
in ischemia and reperfusion studies. Our study, however,
did not identify differences between the exercised and
sedentary groups in these parameters.
In contrast to previous post-infarction healing14 and
ischemia and reperfusion studies,28 ventricular relaxation
in our study was impaired in both the exercised and
sedentary groups after the infarction.
Therefore, exercise training in our female rats prior to
myocardial infarction did not reduce the infarct size and
was did not provide cardioprotection. Consequently, the
systolic and diastolic function remained impaired one week
after the infarction.
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